Summary.
The formation of intrafusal muscle fibers of developing muscle spindles in the tenuissimus muscle of the Chinese hamster was examined by electron microscopy from birth to 7 days postnatal.
At birth, at least two nuclear bag myotubes with a small aggregation of nuclei were already recognizable within a spindle capsule, establishing side-to-side contact with each other without the intercalation of a basal lamina. By the third postnatal day, most muscle spindles contained a full adult set of four intrafusal myotubes effected by the formation of nuclear chain myotubes due to the fusion of myoblasts. The intrafusal myotubes were usually enclosed in a common basal lamina and closely apposed without an interposing basal lamina, thus forming a muscle bundle. Sensory endings were thereby confined to the outer surface of the muscle bundle. After the third day, closely packed intrafusal myotubes generally separated into independent muscle fibers which were innervated by sensory endings and ensheathed in attenuated inner capsule cells. Pairings of fibers and sensory cross terminals between fibers were frequently found in the equatorial region. These phenomena suggest that the incomplete separation of the bundled myotubes at an early stage of postnatal development may persist into adulthood. nuclear chain fibers, can be enclosed by a common inner capsule and so form "pairings" and "sensory cross terminals" with each other in cat muscle spindles (CORvAJA et al., 1967 (CORvAJA et al., , 1969 ADAL, 1969; SCALZI and PRICE, 1971) . Moreover, some intrafusal fibers in this same animal terminate within the capsule (BOYD, 1962; BRIDGMAN et al., 1969) . We have also recently reported frequent occurrences of pairings and intracapsular terminations of intrafusal fibers in muscle spindles of the adult Chinese hamster (DESAKI and UEHARA,1983; DESAKI, 1991) , and suggested that these intrafusal fibers may fail to accomplish differentiation at an early stage of development, thereby retaining immature features into adulthood (DESAKI, 1991) .
The purpose of the present study is to examine by electron microscopy the early postnatal development of muscle spindles in the Chinese hamster in order to clarify why pairings of fibers and sensory cross terminals between them frequently occur in adult animals.
MATERIALS AND METHODS
This study was performed on the tenuissimus muscle of newborn, 3-, and 7-day-old Chinese hamsters (Cricetulus griseus), with 4-5 animals for each stage. After the animals were anaesthetized with ether, the muscles were fixed in situ for about 5 min with 4 glutaraldehyde in 0.1 M phosphate buffer at pH 7.3. After excision, they were dissected out and cut into several segments about 2 mm long. The procedure followed for electron microscopy was the same as described elsewhere (DESAKI and UEHARA,1983) . Thin sections were cut with a Porter-Blum microtome and *This work was supported by a grant from the Ministry of Education, Science and Culture, Japan.
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examined in a Hitachi HU 12A electron microscope.
RESULTS
Muscle spindles in the tenuissimus muscle of the adult Chinese hamster usually contain two nuclear bag fibers and two nuclear chain fibers, as identified by their size and by the arrangement of their equatorial nuclei. In the equatorial region, all intrafusal muscle fibers are doubly surrounded by an outer and an inner capsule, with a wide periaxial space between the capsules. The muscle fibers are innervated by annulospiral sensory endings. However, pairings and intracapsular termination of fibers, and sensory cross terminals between fibers are frequently observed in the equatorial and the juxtaequatorial region (see DESAKI and UEHARA, 1983; DESAKI, 1991) .
Observations of developing muscles showed that primitive muscle spindles at birth usually contained two presumptive nuclear bag myotubes with a small aggregation of nuclei ( Fig. 1) , or two nuclear bag myotubes and one presumptive nuclear chain myotube having a single central column of nuclei in the equatorial region. Intrafusal myotubes contacted each other, leaving only a narrow gap of less the 20 nm with no interposing basal lamina. The plasma membranes in the contact areas between myotubes appeared to be either smooth or to possess some finger-like processes. The nuclear bag myotubes were innervated by sensory endings consisting of a single terminal axon lacking Schwann cell coverage. They were surrounded by one or two immature outer capsule cell layers, although there was no definite periaxial space.
By the third postnatal day, most muscle spindles contained the full adult set of intrafusal myotubes through the formation of presumptive nuclear chain myotubes (Fig. 2a) . The intrafusal myotubes were frequently enveloped by a common basal lamina and formed a tight bundle. The most immature intrafusal myotube, which consisted of a small aggregation of myofibrils, was usually located at the center of the bundle (Fig. 2b) . Myoblasts frequently occurred in close vicinity to the immature intrafusal myotubes during the early postnatal week (Fig. 2b) . Sensory endings innervated the outer surface of the myotube bundle.
On the 7th day, intrafusal fibers in the equatorial region were usually separated from each other by attenuated processes of inner capsule cells which formed sheaths for the axial bundle (Fig. 3) , but some fibers still retained their side-to-side contact with each other. Sensory endings began to extend around individual intrafusal fibers and were arranged annularly or spirally, though they occasionally crossed between adjacent fibers in the equatorial region. Some narrow electron lucent interstices began to be sporadically visible between the inner capsule cell layer and the outer capsule. These interstices seemed to fuse with each other to form a wide periaxial space.
DISCUSSION
The present study has demonstrated, at a fine structural level, an interesting phenomenon in the successive formation and maturation of intrafusal fibers in the postnatal development of muscle spindles in the Chinese hamster. Previous fine structural studies of development in mammalian muscle spindles have generally indicated the sequential process of morphological differentiation of two types of intrafusal muscle fibers: the nuclear bag and nuclear chain fibers (LAN-DON, 1972; MILBURN, 1973 MILBURN, ,1984 BUTLER, 1979 BUTLER, , 1980 KOZEKA and ONTELL,1981) . According to those studies, succesive generation of intrafusal myotubes takes place by fusion of mononucleated myoblasts which are intimately associated with primary myotubes, with earlier forming myotubes differentiating into nuclear bag fibers while later forming ones generate nuclear chain fibers. In the development of rat muscle spindles, MILBURN (1973) has proposed a more convincing explanation of the formation of additional intrafusal fibers. After the first nuclear bag fiber has been formed, a second nuclear bag fiber is produced by the fusion of satellite myoblasts, using the original nuclear bag as a template. The two fibers subsequently detach. The first nuclear chain fiber is formed by a similar process using the original nuclear bag as a template. Finally, the second nuclear chain fiber forms in close association with the second nuclear bag, resulting in the expected components of intrafusal fibers. In contrast to the observations and explanation by MILBURN (1973) in the rat, one finding in the Chinese hamster indicated that all the intrafusal myotubes were temporarily involved in a tight bundle. The temporal occurrence of tightly packed myotubes of the adult set could easily support this hypothesis; namely, that the pairing of fibers and the sensory cross innervation between them in mature spindles (DESAKI, 1991) might result from the incomplete separation of the tightly bundled myotubes, resulting in some intrafusal fibers retaining immature features into adulthood.
Differing greatly from MILBURN'S observation (1973), LANDON (1972) has reported that, even in developing muscle spindles in the rat, all the developing intraf usal myotubes remain in the myotube bundle until the latter half of the first postnatal week. However, in mature muscle spindles of the rat, unlike the Chinese hamster, the pairing and the sensory cross innervation were rare (HENNING, 1969; KUCERA et al., 1991) , and almost all intrafusal fibers extended beyond the limit of the capsule (BRIDGMAN et al., 1969) . Thus, we can strongly suggest that the bundled myotubes in the first postnatal week are a less frequent occurrence in the rat than in the Chinese hamster. This view also suggests that intracapsular terminations of intrafusal fibers (especially nuclear chain fibers) in mature muscle spindles of the Chinese hamster (DESAKI and UEHARA, 1983; DESAKI, 1991) might be related to the temporal occurrence of the closely packed myotubes at an early stage of postnatal development. Acquisition of morphological evidence remains for further studies.
